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Fresh sardines were initially exposed to 0, 5 and 10°C for 24 h and then, stored at either 4 or 8°C for 12 
and 5 d, respectively. The pH, total volatile basic nitrogen (TVBN), oxidation levels and putrescine, 
cadaverine and histamine concentration were measured. TVBN and histamine formation rates were 
calculated for the different storage conditions. Samples initially exposed to higher temperatures exhibited 
a faster development of TVBN and biogenic amines in both 4 and 8°C storage temperatures. The initial 
handling temperature is a determining factor for the safety and quality of sardine. 
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1.Introduction 
Sardine (Sardina pilchardus) belongs to the Clupeidae family and thrives in temperate waters around 
the globe [1]. Sardine constitutes a commercially significant fish species for the seafood industry. The fat 
content of the fish varies from 10% to 15%, containing mostly polyunsaturated fatty acids and is rich in 
Ȧ-3. The nutritional benefits of Ȧ-3 polyunsaturated fatty acids for human health are well described in the 
literature [2, 3].  
Biogenic amines (including histamine, putrescine and cadaverine) are formed due to microbial activity 
in fish tissue and they can cause adverse health effects for the consumers. It is well established that 
spoilage of fish is primarily caused by bacterial growth, while autolytic changes play only a minor role. 
Quality deterioration usually begins with the multiplication of indigenous microflora and any pathogenic 
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microorganisms that may live along with the fish host. In sardine, the most common spoilage 
microorganisms are the bacteria: Shewanella putrefaciens and Pseudomonas fluorescens [4]. Storage 
temperature is a fundamental factor affecting both the growth of microorganisms and the chemical 
reactions’ rates and, consequently, it plays a major role on the safety of the final product.  
Keeping freshly caught fish at temperatures close to 0 °C from the fishing vessel to the processing 
plant is usually challenging. Varying initial handling conditions, which may not cause immediately 
detectable changes, can have a very significant impact on the safety and quality of fish during subsequent 
storage. 
There is limited information in the literature about the effect of initial storage conditions on the 
keeping quality and safety of sardine. The aim of this study was to investigate and model the impact of 
initial handling temperatures (during the first 24h) on the safety and quality of sardines stored at different 
temperatures. 
2.Materials and methods 
2.1.Preparation of sardine samples and storage conditions 
For each experiment, 5 kg of fresh sardines, caught in the North Aegean Sea, were purchased from the 
Central Fish Market of Michaniona, Greece, 12 h after capture and they were transferred to the laboratory 
within 30 min, covered with ice. The average weight of each fish was approximately 30 g. The initial 
quantity was divided into three lots. The first lot was placed in crushed ice made of potable water and it 
was stored at 0°C for 24 h in a low temperature incubator (model MIR-153, Sanyo Electric Co., Ora-Gun, 
Gunma, Japan). The other two lots were stored at 5°C and 10°C for 24 h in similar incubators. Then, each 
lot was divided into sub lots of 300g and each sub lot was packed under vacuum in PET/PE pouches with 
oxygen transmission rate 5 cm3/m2/24h/1atm (23°C, 75% RH) and water vapor transmission rate <2 
g/m2/24h (38°C, 90% RH), using a Komet PlusVac20 vacuum/MAP sealer (Komet Maschinenfabrik 
GmbH, Plochingen, Germany). All samples were stored at 4°C for the whole duration of the experiment 
(12 d) and sampling and an analysis was done every three days (at d 0, 3, 6, 9 and 12).  
The same procedure was repeated in a second experiment, with a final storage temperature of 8°C, 
where sampling and analysis was done every day, for a storage duration of 5 d (at d 0, 1, 2, 3, 4 and 5).  
2.2.Determination of pH 
Ten g of sample were homogenized with 90 ml of distilled water for 1 min and the pH was measured 
using a digital pH-meter (model Hanna HI 221).  
2.3.Determination of total volatile basic nitrogen 
Total volatile basic nitrogen (TVB-N) was determined by steam distillation, according to the official 
EU method 95/149/ǼU. 
2.4.Determination of oxidation (thiobarbituric acid reactive substances – TBARS) 
Determination of oxidation levels was performed using the extraction method, according to [5].   
2.5.Determination of biogenic amines in fish sample 
Biogenic amines were determined according to [6].  Biogenic amine extraction and derivatization was 
done using protocol F of the aforementioned method. The HPLC gradient elution protocol was modified 
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(Table 1) because a different C18 column was used (125 Å 10μm 3,9ȋ300 mm -Waters Corporation, 
Irland). A UV 6000 LP diode-array detector (Spectra system Finnigan Mat, Thermo Separation Products, 
San Jose, USA) at 254nm was used for peak detection.  
 
Table1. HPLC elution protocol for biogenic amines determination 
Time (min) H2O (%) Acetonitrile (%) 
0 60 40 
11 25 75 
15 25 75 
18 05 95 
21 05 95 
21.1 60 40 
30 60 40 
 
2.6.Statistical Analysis 
The effect of initial storage temperature and time on the quality deterioration and safety of sardine was 
analyzed by applying analysis of variance (ANOVA; general linear model) using Minitab software 
(version 15.1 Minitab, State College, PA). Pairwise comparisons were made by using Tukey’s least 
significant difference test (Į= 0.05).   
The Solver function of MS Excel 2003 (Microsoft Corp., 2002) and TableCurve 2D v5.01 (Systat 
Software Inc., 2002) were used for model fitting.  A three-parameter model (Equation 1) was selected to 
describe the TVBN and histamine data.   
Y = a if  t < b 
Y = a + c(t-b) if  t > b                                                      (1) 
 
where: Y = % mg TVBN or ppm histamine 
t = storage time (d) 
a = Y0 (initial levels at t = 0) 
b = lag time (d) 
c = reaction rate (% mg TVBN / d; or, ppm histamine /d) 
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3.Results and Discussion 
There were no statistically significant differences (p>0.05) in the pH of the different treatments for 
both 4 and 8°C storage temperatures. Overall, the pH of the samples increased towards the end of the 
storage period, indicating the accumulation of alkaline compounds produced due to proteolysis and 
microbial growth [7]. 
Samples initially exposed to higher temperatures (5°C and mostly 10°C) had the highest TVBN values 
during storage at both 4 and 8°C storage temperatures. The effect of initial temperature and the 
combination of storage time and temperature on TVBN values, were highly significant (p <0.001). 
Sardines exposed to higher initial temperatures showed a faster development of TVBN. TVBN values for 
samples initially exposed to 5 and 10°C reached the maximum acceptable levels in a shorter time 
compared to the samples initially exposed to 0°C. Similar results were found by [8, 9].  
The initial TVBN values of sardine samples for both experiments were 15 and 20 mg TVBN / 100 g of 
fish tissue, consistent with good quality, fresh fish as proposed by other researchers [10, 11]. TVBN 
production rates increased as the initial handling temperature increased in both experiments (storage 
temperatures of 4 and 8°C). The TVBN production rates were higher for the treatments initially exposed 
to 10°C, followed by the rates for the treatments initially exposed to 5°C. Treatments initially exposed to 
0°C had the lowest TVBN production rates (Table 2).  
Table 2.  Parameter estimates and r2 coefficients for TVBN formation using Eq. 1. 
 
 
TBA values are important chemical indices of oxidative rancidity [12, 13] measuring malonaldehyde, 
which is a secondary breakdown product of lipid oxidation. Temperature, storage conditions and 
processing methods affect mostly the degree of lipid oxidation [14]. Lipid oxidation increased during the 
storage period.  This increase was more pronounced for the treatments stored at 4°C, due to the longer 
storage duration (12 d).  Samples reached TBA values up to 10 ppm malonaldehyde, indicating 
significant lipid oxidation. The TBA values for treatments initially exposed to 5 and 10°C reached their 
maximum leves sooner than the treatments exposed to 0°C for 24 h.  The treatments stored at 8°C for 5 d 
developed lower levels of lipid oxidation (maximum 8 ppm malonaldehyde), mainly due to the shorter 
duration of storage.  
The initial levels of histamine in the sardine samples were less than 10 ppm, consistent with literature 
values [15]. The formation of histamine formation in sardines initially exposed to 0, 5 or 10°C for 24 h 
and stored at 4 or 8°C for 12 and 5 d, respectively, is shown in Figure 1.  Putrescine and cadeverine 
formation followed similar patterns. 
The effect of the initial conditions was very significant (p<0.001) on the biogenic amines formation.  
Samples initially exposed to 0°C for 24 h had consistently lower levels of histamine, putrescine and 
cadaverine for the whole storage duration.  For the 4°C storage temperature experiment, treatments 
initially exposed to 5 and 10°C reached similar (p>0.05) levels of histamine, exceeding 200 ppm on day 
9. In contrast, treatments initially exposed to 0°C had lower histamine values that remained below 100 
Storage temp. (°C) Initial temp. (°C) b (lag time, d) a (Y0, %mg) c (rate, %mg/d) r2 
4   0  3.5 18.2 4.4 0.964 
  5  2.8 21.0 7.2 0.990 
 10  0.5 16.1 5.1 0.994 
8   0  1.7 13.2 5.8 0.970 
  5  1.2 15.1 8.4 0.955 
 10  1.7 16.9 13.5 0.985 
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ppm for the whole storage duration (12 d).  For the 8°C storage temperature experiment, the effect of 
initial conditions was more pronounced. Treatments initially exposed to 0°C had lower levels (p<0.001) 
of histamine, putrescine and cadaverine than treatments initially exposed to 5°C and these treatments had 
lower levels (p<0.001) than the treatments initially exposed to 10°C, for the whole duration of the storage 
period (5 d). 
In order to estimate the lag time and the histamine formation rate, Eq.1 was used to fit the data for both 
experiments.  The equation parameters (a, b and c) and the r2 coefficients for each treatment combination 
are presented in Table 3. Lower initial temperatures resulted in longer lag times (b) before histamine 
concentration started to increase and to lower formation rates (c). Histamine formation is related to 
microbial growth [16]. Handling conditions that favor microbial growth can result in accelerated 
histamine formation.  Exposing the sardines to low temperatures (i.e. 0°C) probably affects the 
physiological state of the histamine-producing microorganisms, resulting in a longer lag phase which 
delays the onset of histamine formation.  Histamine was the main biogenic amine produced during 
storage, reaching very high levels (more than 500 ppm), whereas putrescine and cadaverine were present 
in much lower concentrations (50 and 100 ppm, respectively). 
Table 3.  Parameter estimates and r2 coefficients for histamine formation using Eq. 1. 
Storage temp. (°C) Initial temp. (°C) b (lag time, d) a (Y0, ppm) c (rate, ppm/d) r2 
4   0 5.2 8.2 5.7 0.918 
  5  1.8 15.3 25.3 0.897 
 10  0.9 5.1 27.9 0.993 
8   0  3.7 8.1 98.5 0.996 
  5  2.4 10.2 145.5 0.964 
 10  1.4 14.0 140.4 0.976 
4.Conclusion 
The initial handling temperature (during the first 24 h after the fish are caught) is a determining factor 
for the safety and quality of sardine. Regardless of the subsequent storage temperatures, the biogenic 
amines formation is accelerated significantly if the sardines are initially exposed to elevated temperatures 
(5 or 10°C). A small temperature abuse during the distribution chain may not be immediately detected, 
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